Objective: To measure anthropometric variables of weight, height, body mass index (BMI) and triceps skin fold thickness (TSF) and produce local percentiles for b 90 y old subjects. To assess prevalence of conventional measures of under nutrition (BMI at or below 18.5 kg/m 2 ) or over nutrition (BMI values b 30 kg/m 2 ) in this age group. Design: Community cross-sectional study. Setting:Belfast, Northern Ireland. Subjects: 238 subjects b 90 y of age who were apparently well, mentally competent and recruited from all areas of Belfast. Results: Mean weight was signi®cantly heavier in male 63.9 (s.d. 9.1) kg compared to female subjects 54.4 (s.d. 11.9) kg (P`0.0001). Men were signi®cantly taller than women with mean height of 162 (s.d. 5.9) cm compared to 150 (s.d. 6.7) cm in women (P`0.0001). Increasing age was associated with a fall in weight (P 0.06 female; P 0.09 male) and in height for women (P 0.04). 
Introduction
There is little information about the nutritional status of very old people, particularly those over the age of 90 y of age who live in the community. This is an important omission since nutritional well-being is an integral component of healthy independence and quality of life and presumably contributes to successful ageing (Bury and Holme, 1991; Laugue et al, 1994) . Conversely detection and appropriate treatment of borderline nutritional risk and/ or frank malnutrition amongst the very elderly subjects is a potentially simple, cost-effective and rewarding area of study, since early referral may minimise associated functional and cognitive decline (Goodwin et al, 1983; (Galanos et al, 1994) and increased morbidity and mortality in this very vulnerable group of people (Sullivan and Walls, 1994; Campbell et al, 1990) .
Nutritional status can be assessed by using clinical methods (Gibson, 1990) , dietary methods (Rothenberg et al, 1993) , anthropometric measurements (Lehmann et al, 1991; Vir and Love, 1980) and laboratory markers (Keller, 1993; Chandra, 1980) or often a combination of one or more of these methods. Clinical methods have been largely used in hospital or nursing home settings or for small numbers of subjects and require skilled nutritional assessment. Dietary recall nutritional assessment methods have been used for subjects aged 70±80 y and provide a sensitive index of de®cit for vitamins and minerals (Vir and Love, 1978) . A major disadvantage is the time for interview and methods have not been validated for a very elderly group. Anthropometry provides a non-invasive, easily performed and cheap method for collection of information on nutritional status and has been used in community studies for the evaluation of nutrition in`younger' groups (Euronut SENECA, 1991; Launer and Harris, 1996) . This study used simple anthropometric methods to assess nutritional status in a large group of apparently well, community-living elderly persons aged b 90 y. From this data, percentiles were derived for the b 90 y old group and the percentages of subjects with BMIs b 18.5 kg/m 2 suggestive of under nutrition or b 30 kg/m 2 consistent with over nutrition, were calculated.
Methods

Subjects
As part of an ongoing study of ageing (Rea et al, 1996) , 238 subjects who were b 90 y of age (70 male, 168 female) were enlisted from the Greater Belfast area (approximate population 500 000). General Practitioners were asked to suggest subjects who were b 90 y of age, who were mentally and physically well and`good for their age'.
Study subjects who were willing to participate in the study, were seen at home by the research nurse who took a medical and functional history and assessed mental competance by Mini Mental State Examination (Folstein et al, 1975) . Subjects who were unwell, who gave a history of cancer or who did not score b 28 on the Mini Mental State Examination (normal range b 28±30), were not included in the study population. The local population is relatively homogenous and its validity for epidemiological studies has been previously established (Rea and Middleton, 1994 was calculated. Height measurements were unavailable for subjects recruited early into the study and not included for subjects with severe kyphosis (de®ned as any subject whose kyphosis made it impossible for the research nurse to make a convenient or reliable height measurement).
Statistical methods
Means, standard deviations and percentiles were derived for the anthropometric variables, for both male and female subjects, for the total b 90 y group, 90±94 y old subjects and for subjects older than 94 y. Multivariate regression models were set up in which the anthropometric variables of weight, height, BMI and skin fold thickness were assessed for interaction with age and sex and regression plots demonstrate any effect of increasing age and/or sex interaction. P values of less than 0.05 were considered to indicate statistical signi®cance.
Results
The mean values with standard deviation and the percentile values for the anthropometric variables are shown for subject groups aged 90±94 y, 94 y and for the total group b 90 y for both male and female subjects in Table  1 . Males were taller and heavier than females. Mean BMI for this group of subjects was 24.5 (s.d. 4.5) kg/m 2 with (Figure 1 ). Weight and height were signi®cantly different between male and female subjects (P`0.0001). Increasing age was associated with a trend for a decrease in weight in male (P 0.06) and female subjects (P 0.09), while height showed an age-related decline in females (P 0.009) but not for male subjects (P 0.69). There was no sex difference in TSF (P 0.13) nor age-associated change (P 0.34) within this age group. BMI showed no agerelated change (P 0.76) overall, but when male and female subjects were analysed separately there was a trend for BMI to increase in female subjects (P 0.05) and to decline in male subjects b 90 y (P 0.08). Using the Pearson correlation coef®cient, weight for all subjects was correlated with height (r 0.40; P`0.0001). 10% of female but no male subjects had values for BMI at or below 18.5 kg/m 2 . 11% of female and 2% of male subjects had BMI values at or above 30.0 kg/m 2 .
Discussion
Anthropometric indices of weight, height, skin fold thickness and BMI are simple, easily available and cheap measures of assessing nutrition which have been widely used in community studies in younger groups. They would seem the ideal tool for assessing nutrition in elderly people in the community. In younger groups the usefulness of anthropometric data depends on sex-related reference standards being available for comparison but local databases are necessary because genetic and environmental factors in¯uence indices (Frisancho, 1984) . However knowledge of the use of anthropometric data or its application in very old age is extremely limited. There is little comparative anthropometric data for b 90 y old people, where age and illness add to in¯uences present in earlier life. In view of this, it has been suggested that local anthropometric variables should be collected in older age groups so that longitudinal studies may evolve (WHO, 1995) . With this in mind, percentiles for weight, height and BMI were drawn up for this cross-sectional group of subjects b 90 y of age. By including only subjects who were community-living, ambulatory, mentally competent and apparently well, it was hoped to provide reference values from a group which would be as nutritionally`elite' and as free from illness as possible (WHO, 1995) . The validity of the data was maximised by using the same trained operator and instruments for data collection and by using an adequate number of genetically homogeneous subjects. Measuring height reliably in older people is one of the most dif®cult areas of anthropometry. In old age there is a decline in sitting and standing height due to vertebral compression, kyphoscolosis or postural changes which are more marked in women. Other methods of measuring height, which include knee height and arm span, have been developed for American populations (60±80 y) but their validity for use in elderly subjects, in another continent, has not been established (Chumlea and Guo, 1992) . Despite these dif®culties, standing height is still the most widely collected and quoted statistic for height measurement (Euronut SENECA, 1991; WHO, 1995) and was used and measured by standard methods in this study. Adult height is highly variable because of genetic and socioeconomic in¯uences but at all ages, males are taller than females (Euronut SENECA, 1991) . For b 90 y old subjects in this study, the male/female differential in height was maintained and was 12 cm. In this cross-sectional study, female height declines by 0.65 cm/y that is higher than the actual decline in longitudinal data for 70±75 y old subjects (SENECA, 1996) . Male height did not change as age increased, unlike younger age groups (SENECA, 1996) . Comparative data on height, even if available for the b 90 y old age group, is less likely to be useful than other anthropometric indices because intrinsic variability.
Old age is associated with a loss in weight which occurs beyond 75 y in females but a decade earlier in male subjects (Svanborg et al, 1991; Masters et al, 1960; Lehmann et al, 1996) . Within the age band of this cross-sectional study, there was a trend for weight to decline with increasing age beyond 90 y. There was no sex differential in the weight loss which was of the order of 0.73 kg/y. Weights for both male and female subjects b 90 y were lower than those noted for 78 y old subjects in a small earlier Belfast study (Vir and Love, 1980) . The average weight for height tables, produced by Masters in the 1960s, still represent the best source of comparative sex-related information and show heavier weights for taller 90±94 y old American subjects compared to this study. There are no values for b 90 y old subjects in comparable community surveys in Northern Europe (Euronut SENECA, 1991; Lehmann et al, 1996; Burr and Phillips, 1984; Delarue et al, 1994; Visser et al, 1994) , but weights for 70±80 y old subjects were heavier than for these b 90 y old subjects, though genetic and environmental in¯uences preclude direct comparisons.
Body mass index or Quetelet's index is normally considered the best age-independent index of obesity or wasting (Dugdale, 1971) , with values b 20 kg/m 2 (more recently b 18 kg/m 2 ) suggestive of under nutrition and values b 30 kg/m 2 consistent with obesity (WHO, 1995). Conventional cut-off points may not be totally appropriate for very elderly people, where changes in body fat and distribution, together with decrease in height, add to genetic and environmental factors and make interpretation of BMI dif®cult. Recent nutritional surveys emphasize the wide range of BMI values amongst older populations across Europe and world-wide (Euronut SENECA, 1991; Launer and Harris, 1996) . Despite these reservations, BMI values for this study are within the upper normal range and somewhat higher than for a comparable Welsh, 85 y old, free-living group (Burr and Phillips, 1984) . A smaller percent of females (10%) showed BMI values consistent with under nutrition compared with recent large studies iǹ younger' older groups (Euronut SENECA, 1991; Launer and Harris, 1996) , though cut-off points for BMI are not always comparable. Conversely 11% of b 90 y old and 2% of male subjects had values of BMI consistent with over nutrition (WHO, 1995) which compares with an overall prevalence of 20±30% in the SENECA study and a range of 0±58% in a global study (Euronut, 1991; Launer and Harris, 1996) . There is evidence to support a decline in BMI between ages 70±85 y (Waaler, 1984; Rossman et al, 1977) but sparse evidence for ages beyond this. For b 90 y old subjects in this study, BMI values appear to stabilise in the upper normal range, though this may hide a differential change in BMI between male and female subjects.
Skin fold thickness measurements estimate fat but depend on standardised values for comparison (Durnin and Wormersley, 1974) . In elderly people, the body fat distribution changes and the accuracy and reproducibility of skin fold measurement can be reduced because of lax skin, greater compressibility of skin folds, dehydration or oedema. In this study, these dif®culties were minimised by attention to measurement techniques and subject recruitment. Percentiles for triceps skin fold have been developed for ages 55±74 y in America (Frisancho, 1984 ), in Canada (Nutrition, Canada, 1980 , in Britain to age 85 y (Burr and Phillips, 1984) but not the b 90 y group. The SENECA study demonstrated the wide range of sex-related TSF values possible within genetically and economically diverse 75 y old European groups. The best comparator for the present study is from a small local study of 78 y old community-living subjects where TSF values in males are comparable but values for females were higher than in the present study (Vir and Love, 1980) . Symreng in Norway, 1982 gave 5th percentile TSF reference values for b 90 y old which are similar to the present study. At all younger age groups (Euronut SENECA, 1991), women have increased subcutaneous fat compared to men of the same age but this study and work by Symreng, show no sex differential in TSF and suggest that subcutaneous tissue is very much reduced in very old age for both sexes. Reduced subcutaneous fat compromises temperature regulation and increases the risk of hypothermia.
This data represents a simple set of anthropometric measurements which are within easy access of the General Practitioner and Practice Nurse when seeing elderly people at home. The actual values are not meant to be representative data for the general b 90 y population. Rather they represent a bench mark for these b 90 y old subjects from which further locally based longitudinal and associated functional or mortality studies can evolve. Nevertheless several facts emerge from this study which may also hold for the b 90 y old population as a whole. Firstly, there is suggestive evidence that weight declines with increasing age into very old age in both male and female subjects. Although cross-sectional data may not be representative of longitudinal change, recent work demonstrates how closely cross-sectional studies mirror change in longitudinal studies, at least amongst younger`old' groups (Lehmann et al, 1996) . Similarly, height decreases with increasing age for female though not for male subjects in this study. Secondly, BMI values seem to stabilise in the upper normal range with up to 10% of subjects having higher values consistent with obesity. These upper range values are unlikely to represent obesity but are consistent with the fact that, as height decreases, BMI increases, if weight remains constant. In addition, a stable BMI may conceal differing effects of increasing age on BMI in males and females, which this study has insuf®cient power to establish with certainty. Thirdly, a risk of under nutrition occurs in 10% of elderly females using the standard cut-off values of BMI b 18.5 kg/m 2 . This level may be inappropriately low because of changes in BMI in relation to height, and may therefore select a more severe degree of under nutrition in the b 90 y old subjects, compared with younger age groups. Any degree of under nutrition is a risk factor for compromised medical, mental and physical independence and needs to be recognised and treated. Fourthly, contrary to ®ndings in`younger' old age, the sex differential in skin fold thickness disappears in very old age. This represents a real decrease in subcutaneous fat, which will compromise temperature regulation, increase the risk of hypothermia and a poor outcome following a fall.
This study demonstrates how little comparative data is available for very elderly people and the dif®culties in interpretation of such data. It will be important to compare this data with information from other very elderly population groups and at a local level to revisit the survivors to reassess their anthropometric indices and to establish any relationships with their functional activities or ensuing morbidity and mortality.
